A total of 114 Acinetobacter sp. isolates were collected from patients in the emergency departments (EDs) of two Korean hospitals. Most isolates belonged to the Acinetobacter baumannii complex (105 isolates, 92.1 %). Imipenem resistance was found in 39 isolates (34.2 %) of the Acinetobacter sp. isolates, and 6 colistin-resistant isolates were also identified. Species distribution and antimicrobial-resistance rates were different between the two hospitals. In addition, two main clones were identified in the imipenem-resistant A. baumannii isolates from hospital B, but very diverse and novel genotypes were found in those from hospital A. Many Acinetobacter sp. isolates, including the imipenem-resistant A. baumannii, are considered to be associated with the community. The evidence of high antimicrobial resistance and different features in these Acinetobacter sp. isolates between the two EDs suggests the need for continuous testing to monitor changes in epidemiology.
INTRODUCTION
Until the 1980s, Acinetobacter spp. were considered as merely colonizers and were often neglected in the clinical setting; however, this group has now become one of the most problematic healthcare-associated pathogens (MunozPrice & Weinstein, 2008) . In particular, the emergence of multidrug-resistant or even pandrug-resistant Acinetobacter baumannii isolates has become a serious clinical problem in many parts of the world. Although Acinetobacter spp. have been known to cause mainly nosocomial infections, particularly in immunocompromised patients and patients in intensive care units, their presence in reservoirs outside the hospital has been recently reported (Eveillard et al., 2013; Choi et al., 2012) . In addition, community-acquired Acinetobacter infections, such as bacteraemia, pneumonia and cellulitis, which may usually be associated with a detrimental patient's condition or comorbidity, have been repeatedly reported (Henao-Martínez et al., 2012; Gaillard et al., 2012; Leung et al., 2006; Peng et al., 2012) . More frequently, community-onset infections by antimicrobial-resistant Acinetobacter spp. have been identified, and Acinetobacter spp. are now becoming a challenge for clinicians in emergency departments (EDs) (Kang et al., 2012a, b) . However, the study of Acinetobacter sp. characteristics using ED isolates has rarely been performed.
In this study, we investigated species distribution, antimicrobial resistance and genotypes to identify differences in the epidemiology of Acinetobacter sp. isolates between the EDs of two hospitals in Korea. The two hospitals that participated in this study showed different features. While one hospital (hospital A) is located in Seoul, the capital of Korea, another hospital (hospital B) is located in Daegu, which is approximately 300 km away from Seoul. In addition, while hospital A is a tertiary-care hospital, hospital B is a secondary-care hospital. We identified some different characteristics of the Acinetobacter sp. isolates from the EDs between the two hospitals. Table 1 . Only the first isolate from each patient was included in this study. Preliminary species identification as Acinetobacter sp. isolates was performed using the VITEK-2 system. Acinetobacter spp. were determined based on partial rpoB gene sequences (468 bp), as described elsewhere (Ko et al., 2007; La Scola et al., 2006) .
In vitro antimicrobial-susceptibility testing. In vitro antimicrobial-susceptibility testing was performed with all Acinetobacter sp. isolates by measuring MIC using the broth microdilution method according to Clinical and Laboratory Standards Institute (CLSI) guidelines (CLSI, 2013) . Eleven antimicrobial agents were tested: imipenem, colistin, ampicillin/sulbactam, cefotaxime, ceftazidime, ciprofloxacin, gentamicin, rifampicin, trimethoprim/sulfamethoxazole, tetracycline and tigecycline. CLSI susceptibility interpretive criteria were used (CLSI, 2013 Multilocus sequence typing (MLST), PFGE and antimicrobialresistance genes. MLST was performed for 28 imipenem-resistant A. baumannii isolates, as described elsewhere (Bartual et al., 2005) . All MLST data, including newly identified alleles and sequence types (STs), were submitted to the A. baumannii MLST database (http:// pubmlst.org/abaumannii). A phylogenetic tree was reconstructed based on concatenated sequences of seven housekeeping genes using the neighbour-joining method. For PFGE, genomic DNA was digested using the ApaI restriction enzyme. The restriction fragments were separated by PFGE using a temperature-controlled CHEF DR III system (Bio-Rad). For the 39 imipenem-resistant Acinetobacter sp. isolates, resistance genes, including bla IMP , bla VIM , bla GIM , bla SIM , bla KPC , bla NDM-1 and bla OXA-48 , as well as bla OXA-23-like , bla OXA-24-like , bla OXA-51-like and bla OXA-58-like , were also detected by PCR, as described elsewhere (Lee et al., 2005) .
RESULTS
A total of 105 out of 114 Acinetobacter sp. isolates from the EDs belonged to the A. baumannii complex [or Acinetobacter calcoaceticus-A. baumannii (Acb) complex], including A. baumannii, A. pittii, A. nosocomialis, Acinetobacter genomic species (AGS) 'close to 13TU' and A. calcoaceticus (105 isolates, 92.1 %) ( Table 1) . Of these, A. baumannii was the most frequently isolated species (72 isolates, 63.2 %), and it was more frequently isolated in hospital B (20 out of 23 isolates, 87.0 %) than in hospital A (52 out of 91 isolates, 57.1 %). A. pittii was the second most common species (14 isolates, 12.3 %), followed by A. nosocomialis (11 isolates, 9.6 %), A. calcoaceticus (5 isolates, 4.4 %), A. soli (5 isolates, 4.4 %) and AGS 'close to 13TU' (3 isolates, 2.6 %). Other species (Acinetobacter johnsonii, A. junii, A. ursingii and AGS 9) were represented by one isolate. A. pittii, A. soli, A. johnsonii, A. junii, A. ursingii and AGS 9 were identified only in hospital A. Among the 18 Acinetobacter sp. blood isolates, only six isolates (33.3 %) were classified as A. baumannii (Table 1 ).
The imipenem-resistance rate was 34.2 % (39 isolates) among the Acinetobacter sp. isolates (Table 2 ). It was lower in A. pittii (2 out of 14 isolates, 14.3 %) than in other species. Six colistin-resistant Acinetobacter sp. isolates were identified: three belonged to A. baumannii, and one each to A. nosocomialis, A. calcoaceticus and A. soli. Resistance rates to the other antimicrobial agents among the Acinetobacter sp. isolates ranged from 22.8 to 53.3 %: 38.6 % for ampicillin/sulbactam, 42.1 % for cefotaxime, 53.5 % for ceftazidime, 48.2 % for ciprofloxacin, 43.9 % for gentamicin, 50.9 % for rifampicin and 43.0 % for trimethoprim/ sulfamethoxazole (Table 2 ). For tigecycline, 16 isolates (14.0 %) of Acinetobacter sp. and 13 isolates (18.1 %) of A. baumannii showed tigecycline intermediate susceptibility or were resistant (MIC ¢4 mg l 21 ) ( Table 2 ). Of these, . The other resistance genes tested in this study were not identified in any imipenem-resistant Acinetobacter sp. isolates. In imipenem-resistant A. baumannii isolates, in which the carbapenemase genes were not detected except for bla OXA-51-like , it is expected that efflux pumps may play a role in imipenem resistance. In addition, the bla OXA-51-like gene may also contribute the imipenem resistance because all isolates have ISAba1 elements upstream of bla OXA-51-like .
In MLST analysis, 15 STs were identified among the 28 imipenem-resistant A. baumannii isolates (Table 3) . Of these, 11 STs were newly identified in this study. CC92 including six STs was identified, and ST767 and ST774 comprised a CC. However, the other STs constituted singletons. ST357 and ST138 were represented by eight and seven isolates, respectively, but the other 13 STs were represented by only one isolate. All but one of the isolates belonging to ST357 and ST138 were from hospital B. Thus, all but one imipenem-resistant A. baumannii isolates from hospital B belonged to at least one of two main STs. ST357 and ST138 imipenem-resistant A. baumannii isolates showed different restriction fragment patterns in PFGE analysis from each other, but a very similar PFGE pattern was found within the same ST (data not shown). In contrast, no imipenem-resistant A. baumannii isolates from hospital A were represented by the same ST. In addition, 13 different STs from hospital A showed multiple nucleotide differences, and a phylogenetic tree from concatenated nucleotide sequences of the 7 gene fragments confirmed multiple origins of the imipenem-resistant A. baumannii isolates from hospital A (Fig. 1) .
DISCUSSION
Several recent studies have reported community-onset Acinetobacter infections (Henao-Martínez et al., 2012; Gaillard et al., 2012; Leung et al., 2006; Peng et al., 2012) , and have suggested the association of community-based A. baumannii isolates with these infections rather than nosocomial strains (Eveillard et al., 2013; Choi et al., 2012) . In addition, clinical features of A. baumannii infections in patients admitted to EDs have been investigated in Korea (Kang et al., 2012a, b) .
In this study, we collected Acinetobacter sp. isolates from two EDs in Korea, and their characteristics were investigated. Although the different number of isolates and different locality of the two hospitals would be a limitation of this study, we identified that A. baumannii is the most prevalent species in the EDs, as in nosocomial infections. In our previous studies, A. baumannii constituted 44.2-66.4 % of Acinetobacter sp. isolates in Korea (Ko et al., 2007; Park et al., 2012) . However, the identification of A. soli had not been reported in the previous studies. A. soli was recently characterized as a novel species in Korea (Kim et al., 2008) . Although it was first identified and isolated from forest soil, it has been reported to cause bloodstream infections, and carbapenem-resistant A. soli isolates have been identified (Pellegrino et al., 2011; Endo et al., 2012) . In this study, we identified five A. soli isolates from one ED. Of these, two were isolated from the blood, and two were highly resistant to imipenem (MICs .64 mg l
21
). In particular, one A. soli dialysate isolate (SMC1008-101) was resistant to colistin and susceptible only to tigecycline. It is considered that antimicrobial-resistant A. soli, which is ubiquitous in the environment, can cause human infection, and thus should be included as an antimicrobial-resistant human pathogen.
It is noted that many Acinetobacter sp. isolates were antimicrobial resistant. In particular, one-third of the Acinetobacter sp. isolates were resistant to imipenem. In a previous study on Acinetobacter sp. isolates collected in two hospitals from 2002 to 2006 in Korea, only 8.3 % were imipenem resistant (Ko et al., 2007) . We have reported a drastic increase in imipenem resistance in Acinetobacter sp. isolates causing bloodstream infections in Korea from 15.9 % in 2003 -2007 to 77.6 % in 2008 -2010 (Park et al., 2012 . Our results in this study are consistent with the increase of imipenem-resistant Acinetobacter sp. isolates in hospitals. In addition, we identified six colistin-resistant isolates, and the tigecycline-nonsusceptibility rate was 14.0 %. Thus, antimicrobial resistance should be not ignored in Acinetobacter sp. isolates from EDs in Korea.
However, it should be noted that species distribution and antimicrobial-resistance rates were significantly different between the two hospitals. While most Acinetobacter sp. isolates belonged to A. baumannii and only three nonbaumannii Acinetobacter sp. isolates were identified in hospital B, ten species were identified and 57.1 % of isolates from the ED were classified as A. baumannii in hospital A. Resistance rates for most antimicrobial agents were higher in Acinetobacter sp. isolates from hospital B than in those from hospital A. In addition, clonality of the imipenemresistant A. baumannii isolates was also different between the two hospitals. While all but one of the imipenemresistant A. baumannii isolates from hospital B belonged to the ST138 and ST357 clones, no clonality was identified among the imipenem-resistant A. baumannii isolates from hospital A. In addition, most of the bla OXA-23-like genes, which are commonly related to carbapenem resistance worldwide, were identified in imipenem-resistant A. baumannii isolates from hospital B located in the Daegu province. That is, clonal A. baumannii isolates with high antimicrobial resistance might be brought into the hospital through the ED in hospital B, but not in hospital A. Such differences may be due to the features of the hospitals. Differences in region and hospital level may affect the features of the EDs and their patients, resulting in a difference in pathogens. Thus, understanding the characteristics of pathogens in each hospital will be important for the prevention, control and treatment of infections. ST357, one of the main clones identified in hospital B, was not identified in A. baumannii isolates causing nosocomial infections in Korea (Park et al., 2012) . It was speculated that new antimicrobial-resistant A. baumannii clones may be imported into the hospital from the community and can then spread within the hospital. In addition, most of the imipenem-resistant A. baumannii isolate genotypes from hospital A have not been previously identified. Thus, these isolates may also be imported from the community, but have not been spread within the hospital. However, identification of ST138, which belonged to CC92 or the global clone 2 distributed in Korea (Kim et al., 2013) , as a main clone of imipenem-resistant A. baumannii in the ED suggests different implications. In our study, we identified that ST138 increased recently in a Korean hospital (Park et al., 2012) . The ST138 clone identified from the ED in this study may be not be community based or may disperse into the community due to the blurred boundary between the hospital and the community.
In this study, we identified antimicrobial-resistant Acinetobacter sp. isolates from two EDs in Korea. The two hospitals showed different characteristics of Acinetobacter sp. isolates, such as species distribution, antimicrobial resistance and clonality of imipenem-resistant A. baumannii isolates. Thus, initial antimicrobial coverage of Acinetobacter infections in EDs should be considered in each hospital. In addition, many Acinetobacter sp. isolates including imipenem-resistant A. baumannii are supposed to be associated with the community. Continuous surveillance studies are warranted to monitor changes in the epidemiology of hospital and community-onset Acinetobacter sp. infections. Isolates from hospital A are underlined, and CC92 is also represented. Bar indicates 1 substitution per 1000 nt.
